Summary. An assay to determine the binding of pig spermatozoa to the zona pellucida (ZP) 
Introduction
Binding of spermatozoa to the zona pellucida (ZP) is an initial step in the fertilization process. Uncapacitated pig spermatozoa can bind to the ZP in vitro (Peterson et al, 1984) . Spermatozoa continue to bind to the pig ZP after in-vivo fertilization (Hunter, 1974) . We do not yet know whether inefficient sperm-ZP binding is a significant problem in fertilization failure or whether variation in sperm-ZP binding contributes to quantitative differences in fertility among fertile males. A zona-free hamster ova bioassay for pig spermatozoa which examines steps in the fertiliz¬ ation process after penetration of the ZP has been developed (Berger & Horton, 1988) . Although a successful technique for in-vitro fertilization in the pig has been developed (Cheng, 1985) , large numbers of fertile pig ova are not readily available. The ZP composition of oocytes is very similar to that of ova and oocytes are readily available. Hence, we chose to develop a sperm-ZP binding assay using oocytes that was compatible with sperm preparation for the zona-free hamster ova bioassay.
The pig ZP consists of three glycosylated polypeptide chains which are referred to by a nomenclature based on apparent molecular weight as the 55 , 55 ß, and 90K families (Hedrick & Wardrip, 1986 . Under conditions in which disulphide bonds are reduced, a 25K component and a 65K component are derived from a portion of the 90K family. We also wished to examine which of the pig ZP glycoprotein families were involved in sperm binding.
Materials and Methods
Pig ZP were prepared as previously described (Hedrick & Wardrip, 1986 Ejaculated spermatozoa from the sperm-rich fraction were collected and processed as previously described (Berger & Horton, 1988) using Tris-buffered medium containing 40mM-CaCl2 and 5 mg BSA/ml. Processed spermatozoa were preincubated in 2 ml volumes (2 IO6 spermatozoa/ml at 39°C for 1 h in 5% C02 in air. The sperm suspension was then diluted to 2 IO5 spermatozoa/ml and 100 µ were used to inseminate a 100-µ volume of medium contain¬ ing 100 oocytes. Unless otherwise stated, gametes were coincubated for 3 h at 39°C in 5% C02 in air. Oocytes were separated from the unbound spermatozoa using a modification of the stop-fix procedure described by Saling et a! (1978) . A dextran gradient was prepared in a 1-0-ml polystyrene centrifuge tube (Fisher) by layering 0-35 ml of 1-8% dextran (average molecular weight 170 000) in Tris-buffered medium containing BSA above 0-35 ml of 2-25% dextran in the same medium. The oocytes in 100 µ medium were then layered on top and centrifuged for 3 min at 160 g. All but~100 µ was aspirated and the oocytes resuspended in 1 ml 0-625% glutaraldehyde. (Hedrick & Wardrip, 1986 . Sodium dodecyl sulphate (SDS) was extracted from isolated components or from BSA previously mixed with SDS using Extracti-Gel D (Pierce Chemical Co., Rockford, IL, USA).
A total of 12 monoclonal antibodies to zona pellucida components were evaluated for their effect on sperm-oocyte ZP binding (Betancourt et ai, 1984 (Betancourt et ai, , 1985 . Oocytes were preincubated at 39°C for 45 min with each monoclonal antibody at a 1:100 dilution of the ascites fluid, rinsed in three 10 ml volumes of medium to remove free antibody, and coincubated with spermatozoa.
To develop the assay conditions, 3-5 ejaculates from a minimum of 3 boars were used. A minimum of 1 ejaculate from each of 3 boars was used in subsequent experiments. Analyses of variance and regression were performed on mean numbers of spermatozoa bound per oocyte using the BMDP statistical package (BMDP Statistical Software, Ine, Los Angeles, CA, USA). Differences among means were evaluated with Student-Newman-Keul's sequential range test. Percentage motilities were analysed both before and after transformation to the arcsin square root and statistical significance resulting from the transformation is reported.
Results

Optimization of the ZP-binding assay conditions
Varying the sperm preincubation time from 1 to 4 h and the sperm-oocyte coincubation time from 1 to 3 h had little effect on the number of spermatozoa bound per oocyte (P = 0-33).
However, very short incubation times (0 h of sperm preincubation followed by 1 h of sperm-oocyte coincubation) appeared insufficient for maximum sperm binding (P = 0-15). Increasing the sperm preincubation time from 3 h to 5 or 7 h decreased the number of spermatozoa bound (24, 16 and 7 spermatozoa/oocyte, respectively; < 005). As expected, the number of spermatozoa bound per oocyte increased with increasing sperm concentration (15, 35, 42 Peterson et al, 1980) compared to the dextran gradi¬ ent (75 and 82 spermatozoa/oocyte). The dextran gradient is therefore comparable to washing through 3 drops in measuring bound spermatozoa, not attached spermatozoa (Hartmann et al, 1972) . However, since the micropipette method is pipette-dependent, i.e. the shear force is a function of the pipette bore, the dextran gradient centrifugation method is ultimately more reproducible.
The variability of sperm binding in 3-6 ejaculates from each of 6 previously fertile boars is shown in Fig. 1 (Fig. 2) . Dose-response studies (extend¬ ing from a 1:5 to 1:100 dilutions of the monoclonal antibodies in ascites fluid) indicated no effect compared to control ascites fluid dilutions for two additional monoclonal antibodies, one specific to the peptide moiety of the 55Kp glycoprotein and one specific to the carbohydrate moiety of all components. (Peterson et al, 1984) . Removal of such pro¬ teins probably occurs during capacitation (Brackett & Oliphant, 1975 (Peterson et al, 1980; Florman et al, 1984) . The day-to-day variability we observed was not due to the age of the ZP but may have been at least partly due to day-to-day fluctuations in the ejaculates.
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